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• A	growing	population	(~1.3	billion)
• Tropical	climate	and	rising	
temperatures	(3120	annual	CDDs)

• A	rising	aspirational	middleclass
• Increasing	built-up	area	(2-3x	by	
2030	over	2015	baseline)

• A	low	RAC	penetration	(5-10%)
• National	and	global	commitments

India,	in	the	Eye	of	the	Perfect	‘Cooling’	Storm

How	do	we	provide	thermal	comfort	to	all in	an	affordable	and	sustainable	
manner,	and	uphold	basic	standards	of	human	well-being?



• Multiple	studies	unanimously	
project	a	significant	increase	the	
RAC	stock

• Severe	environmental	and	
societal	impacts:	
– Significant	additional	power	
generation	capacity

– peak	load	impacts
– enormous	carbon	footprint,	both	
direct	and	indirect

Potential	Impact:	Keeping	Our	Buildings	Cool	
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Recognising	the	Uniqueness	of	India’s	Cooling	
Conundrum	is	Foundational	to	AEEE’s	Approach	

v Cooling	is	not	Air-Conditioning	– Important	in	India
• RAC	penetration	5-10%	V/S	100+	%	AC	penetration	in	developed	countries
• Prevalent	alternative	cooling	technologies	significantly	higher	in	volume:	significantly	lower	kWh/unit;	zero	

refrigerant	use

v The	majority	of	AC	and	refrigerant	volume	is	yet	to	come
• Unique	opportunity	to	address	the	very	root	of	the	problem,	by	minimizing	the	demand	for	cooling

v Conversations	around	cooling	need	to	be	all-encompassing	i.e.	active	space	cooling	
+	alternative	cooling	strategies
• We	will	not	get	to	a	point	– even	in	the	next	10-15	years	– when	majority	can	afford	air-conditioning		
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• Government’s	focus	to	establish	access	to	cooling	as	a	national	priority	is	synchronous	
with	AEEE’s	drive	to	enable	sustainable	and	accessible	thermal	comfort	for	all

• Access	to	deep	subject	matter	expertise	through	affiliations	with	knowledge	partners	and	
peer	organisations

• Subject-matter	expertise	in	space	cooling,	&	unprecedented	work	with	important	
ramifications:
– Psychrometric	field	tests	of	RACs	to	study	their	energy	performance	at	different	temperature	set-

points
– First-of-its-kind	comprehensive	overview	of	nationwide	cooling	demand	by	sector
– Nationwide	survey	to	understand	the	residential	RAC	usage	patterns
– Catalysing	the	formation	of	Smart	and	Sustainable	Space	Cooling
– Coalition	to	lead	India’s	transition	to	a	responsibly	cooled	built	environment

AEEE	is	Uniquely	Suited	to	Lead	India’s	Transition	to	a	
Sustainably	Cooled	Future
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• Premised	on	the	knowledge	gap	of	people’s	RAC	use	preferences,	especially	
setpoints

• Short,	anonymous,	easy	to	fill	out,	comprising	13	questions
• Administered	online,	popularised	on	social	media
• Physically	administered	with	the	help	of	student-surveyors	in	the	6	cities,	

particularly	focussing	on	low	to	mid-income	classes
• 995	responses
• Responses	have	been	collected	from	28	states/UTs,	covering	100+	towns	

and	cities – Delhi-NCR,	Maharashtra,	Tamil	Nadu,	Telangana	and	Rajasthan	
top	the	list.

• Responses	cover	household	sizes	ranging	from	1-10	members,	however	about	
70%	of	the	data	set	is	homes	with	2-5	family	members

Mapping	the	Use	of	RACs	in	Indian	Homes:	A	Nation-wide	
Survey
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• Climate	type:	Warm-humid
• 299	responses	
• Fan	use	with	RAC	ON:	59%	

Yes,	41%	No
• Annual	hours	of	use:	1421	

Mapping	the	Use	of	RACs	in	Indian	Homes:	A	Nation-wide	
Survey	(contd.):	Preliminary	Analysis
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• Aims	to	study	the	energy	savings	in	RACs	by	the	
adoption	of	adaptive	thermal	comfort	standards	
in	India.

• Experiments	are	meticulously	designed	to	capture	
diverse	Indian	climates	by	emulating	typical	
outdoor	conditions

• Performance	evaluation	of	two	leading	Indian	AC	
brands	with	different	star	ratings	and	cooling	
technologies	– by	comparing	the	cooling	capacity	
and	EER

• Initial	analysis	reveals:
– Inverter	systems	offer	better	performance	over	

regular	split	air-conditioners.
– Increasing	outdoor	temperatures	have	a	negative	

effect	on	the	performance	of	the	system.
– Higher	setpoints	result	in	higher	energy	

consumption	– needs	more	investigation

Psychrometric	Field	Testing	of	RACs	in	partnership	with	CEPT
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Building	Space	Cooling:	Preliminary	Results	

43%

57%

2017	Annual	energy	consumption	=	134	TWh

Non-refrigerant	based	cooling	(fan	
and	air	cooler)

Refrigerant	based	cooling	(RAC,	
chiller,	packaged	DX,	VRV)



2017	Scenario:	Air-conditioning	in	Buildings

4%
10%

17%

69%

4%
9%

13%

74%

Packaged	DX

VRV	(Mini	to	Large)

Chiller	

RAC

Annual	carbon	emission
82	million	tCO2e

Annual	energy	consumption
77	TWh



2027	(BAU)	Scenario:	Air-conditioning	in	Buildings

3%

19%

17%61%

2%

16%

17%

65%

Packaged	DX

VRV	(Mini	to	
Large)
Chiller	

RAC

Annual	carbon	emission
160	million	tCO2e

Annual	energy	consumption
158	TWh



2017	and	2027	(BAU)	Scenarios:	RAC	Penetration	in	the	
Residential	Sector

2017
RAC	stock	 37	million	units Compiled	from	sales	data

RAC	stock	deployed	in	
residences	

22	million	units @60%; sourced	from	LBNL	and	
AEEE’s	own	estimates

# of	Households 268	million Extrapolated	from	Census	data

# of	RACs	per	household 1.2 Prayas (2012)

RACs	penetration 7%

2027	(BAU)

RAC	stock	 77	million	units Estimated	from	sales	projections

RAC	stock	deployed	in	
residences	

54	million	units @70%; based	on	stakeholder	input

# of	Households 296	million Extrapolated	from	Census	data

# of	RACs	per	household 1.2 Prayas (2012)

RACs	penetration 15%



P##57/8&.=+.-(&Z^_&+/+*8D&:.17/8&7:&;#::7"A+&$/-+*&
9?;*#1+-&FG+/.*7#

T ST \T WT YT UTT UST

/&6]&?01$!c

bGb$A:(2($'8$M&"?0B

F*(>>0"$

G9F

922,&>$420"?;$F82),-@'(82$A=^*B

STUX STSX$A6,""02'$>070>$8<$0<<8"'B STSX$A(-@"8701$)602&"(8B



P##57/8&.=+.-(&Z`_&G.*"#/&:.17/8&7:&;#::7"A+&$/-+*&
9?;*#1+-&FG+/.*7#

T ST \T WT YT UTT UST

/&6]&?01$!c

bGb$A:(2($'8$M&"?0B

F*(>>0"$

G9F

F&"P82$0-())(82$A-(>>(82$'FJS0B

STUX STSX$A6,""02'$>070>$8<$0<<8"'B STSX$A(-@"8701$)602&"(8B



RAC	Analysis:	Key	Results	

2017	 2027	(BAU) 2027	
(Improved)

Installed	capacity	(million	TR) 56 116 113

Annual	energy	consumption	
(TWh)

53 97 46

Indirect	emissions (mtCO2e)	

[share	of	total]

43	
[71%]

79	
[77%]

38	
[73%]

Direct	emissions	(mtCO2e)	
[share	of	total]

18	
[29%]

24	
[23%]

14	
[27%]

Total	emissions	(mtCO2e) 61 103 52



Mobile	Air-conditioning:	Preliminary	Results	– 10%	energy	
saving	is	possible	under	the	Improved	Scenario		

0 1 2 3 4 5

Total

Passenger	HDV

Passenger	LDV

Annual	Energy	Consumption	(mtoe)

2017 2027	(BAU) 2027	(Improved)



Mobile	Air-conditioning:	Preliminary	Results	– 24%	carbon	
saving	is	possible	under	the	Improved	Scenario		

0 5 10 15 20 25

Total

Passenger	HDV

Passenger	LDV

Annual	Carbon	Emission	(mtCO2e)

2017 2027	(BAU) 2027	(Improved)



Cold	Chain:	Preliminary	Results	- 22%	energy	saving	is	
possible	under	the	Improved	Scenario	

0 0.2 0.4 0.6 0.8 1 1.2 1.4

Total

Cold	Storages

Packhouse	&	Ripening	Chambers

Reefer	Vehicles

Annual	Energy	Consumption	(mtoe)

2017 2027	(BAU) 2027	(Improved)



Cold	Chain:	Preliminary	Results	- 19%	carbon	saving	is	
possible	under	the	Improved	Scenario	

0 2 4 6 8 10 12

Total

Cold	Storages

Packhouse	&	Ripening	Chambers

Reefer	Vehicles

Annual	Carbon	Emission	(mtCO2e)

2017 2027	(BAU) 2027	(Improved)



Improved	Scenario

Improved	Scenario	
incorporates:

1. Technology	
improvements

2. Efficient	building	
strategies

3. Market	interventions
4. Operations	

interventions
5. Behavioural	changes
6. Alternate	refrigerants
7. Better	servicing	

practices	

RAC
v Ratcheting	up	the	ISEER	of	RACs:	Equipment	efficiency	will	have	the	strongest	

impact	in	the	Improved	Scenario	

v Envelope	improvements	in	upcoming	buildings	that	should	reduce	the	need	
for	active	space	cooling:	While	the	envisioned	reduction	in	the	total	installed	
capacity	is	not	large,	the	more	significant	reduction	manifests	in	terms	of	
reduction	in	run	hours	(due	to	increased	uptake	of	code	and	Adaptive	Thermal	
Comfort),	which	could	be	between	20%	to	30%	per	our	analysis

Chiller
v Better	O&M	practices	with	focus	on	two	important	aspects:	HVAC	O&M	

being	a	specialist’s	job,	is	better	handled	by	trained	HVAC	engineers	and	
technicians	rather	than	generalists;	utilization	of	Internet	of	Things	(IoT)	in	day	
to	day	operations

v Better	uptake	of	ECBC-2017:More	buildings	crossing	the	minimum	ECBC	
compliance	and	even	achieving	ECBC	EE	and	Super	ECBC	requirements
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